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ICCAD 2019 Contest 
LEF/DEF Based Open-Source Global Router 

 

Introduction 
 

Due to the increasing complexity and enormous solution space of the VLSI routing problem, the 

routing is typically split into two stages -- global routing and detailed routing. In global routing, 

the routing region is divided into rectangular grid cells (GCells) and represented using a coarse-

grained 3D routing graph. Capacities and various constraints are assigned to the edges and 

vertices in this 3D routing graph so that overall routing topology and layer assignment can be 

optimized considering routability, timing, crosstalk, power, etc. 

 

In this contest, to simplify our focus, we assume that a placement solution is already well-

optimized for multiple metrics (e.g., timing, power, etc.), and the global router, without 

concerning metrics such as timing and / or crosstalk, only needs to provide a 3D global routing 

solution which the detailed router can then use as guidance to generate a DRC-clean routing 

solution. Toward this end, the global routing solution must maximize routability, pin accessibility, 

etc. to ensure that the disturbance of net topology during detailed routing is minimized. 

 

Input/Output Format 
 

The design and technology are provided in LEF/DEF format. Teams will need to parse design 

and technology information from LEF and DEF files. A good starting point is the LEF/DEF 

parser here. 

 

Unlike in the ISPD-2018/2019 contests, in this global routing contest, we specify GCells by 

utilizing the definition from the DEF GCELLGRID section. The figure below illustrates the 

following definition: 

GCELLGRID X 1100 DO 2 STEP 50 ; 

GCELLGRID X 200 DO 4 STEP 300 ; 

GCELLGRID X 0 DO 2 STEP 200 ; 

GCELLGRID Y 700 DO 2 STEP 150 ; 

GCELLGRID Y 100 DO 4 STEP 200 ; 

GCELLGRID Y 0 DO 2 STEP 100 ; 

https://projects.si2.org/openeda.si2.org/projects/lefdefnew/


 
 

The output file format will be the ISPD-2018/2019 route guide format. This choice of input/output 

formats is intended to make it possible for as many academic teams and tools as possible to 

access this contest, and to enable integration with both commercial tool flows and the academic 

detailed routers created for the ISPD-2018/2019 contests. 

 

In the route guide format, the global routing solution for a net consists of several guides. Each 

guide is a rectangle on a specific metal layer, covering one or multiple contiguous GCells. To be 

consistent with our GCELLGRID definition, we make the following restrictions to each guide: 

● If a GCell is covered by a guide, the guide must cover that entire GCell area, and NOT 

just part of that GCell area. 

● ONLY guides on routing layers (i.e., TYPE ROUTING in LEF) are needed.  Guides on 

via layers (i.e., TYPE CUT in LEF) are skipped.  

 

A global routing solution for a net is considered to be valid if  

● All pins (i.e., instance terms and IO terms) of the net are covered by its guides. 

Here, “covered by” means that for each pin of the net, at least one shape of the pin and 

one guide of the net are on the same metal layer, and have intersection area strictly 

greater than (>) zero.  

● The guides of the net induce a connected graph.  That is, let each guide correspond 

to a vertex in the graph. And, let an edge exist between two vertices of the graph if the 

corresponding two guides satisfy either of the following two conditions: (i) they touch 

each other on the same metal layer; (ii) they are on neighboring metal layers with an 

overlapped area (projected to xy plane) strictly greater than (>) zero.   The graph 

induced in this way must be connected. 

A global routing solution is considered to be valid if the solution is valid for all of the nets. The 

figure below shows a valid global routing solution for a two-pin net, corresponding to the 

following guides: 

net0 



( 

0 0 200 100 Metal1 

0 0 800 100 Metal2 

500 0 800 700 Metal3 

500 500 800 700 Metal2 

500 500 800 700 Metal1 

) 

 

 

 

Benchmarks 
 

We use the same benchmarks from ISPD-2018 and ISPD-2019 contests with GCELLGRID 

added in DEF file. Please download the benchmark suite here. Hidden benchmarks will be used 

along with all the public benchmarks for final evaluation. 

 

Router Evaluation and Ranking (Preliminary) 
 

To best evaluate and bridge the gap between global routing and detailed routing, we do not 

directly evaluate global routing solution based on any extracted information from the output 

route guide file. Instead, the global routing solution will be detailed routed using executable(s) of 

academic detailed routers from CUHK, UCSD, NCTU, POSTECH and UFRGS. The raw score 

will be purely based on the quality of the resulting detailed routing solution using preliminary 

metrics shown in the table below.  

 

Total length of wires 0.5 

Total number of vias 2 

Number of min-area violations 500 

http://www.ispd.cc/contests/18/
http://www.ispd.cc/contests/19/
http://iccad-contest.org/2019/Problem_C/iccad19_benchmarks.tar.gz


Number of spacing violations 500 

Number of short violations 500 

 

The raw score will be scaled by a runtime factor and by a non-determinism penalty factor of the 

global router. We use the same equation as in the ISPD-2018/2019 contests. A good global 

routing solution reduces the search and repair effort needed in the detailed router. Therefore, 

the runtime factor applies to both the global and detailed router. 

 

Runtime_factor = min(0.1, max( -0.1, 0.02 * log2( (GRouter_Wall_Time + DRouter_Wall_Time) / 

Median_Wall_Time) ) 

 

The median wall time is the median runtime of all submitted global routers from contestants for 

the benchmark. The runtime penalty/benefit is limited within 0.1/-0.1 . 

 

Teams are allowed to use multi-threading (up to 8) in their router, but they will receive a non-

determinism penalty factor of 3% if the output guide file is non-deterministic using the same 

command line arguments. 

 

Submission for Evaluation 

 

Due to license limitation, we are not able to distribute license of the tool that we use to evaluate 

DR solutions. To help each team develop and keep track of progress, each team will be 

assigned a shared folder where they can upload the detailed routed DEF which is generated by 

the DR of their choice based on the GR solution each team generates. We will perform design 

rule check for the DR solutions that each team uploads every 8 hours (preliminary schedule: at 

11:59pm, 7:59am and 3:59pm PDT) and provide the DRC report for each testcase as feedback. 

Each team can then use the evaluation script to go through DRC reports to obtain their scores. 

 

Final Submission 

 

For final submission, each team will need to upload their GR binary to their assigned CIC 

machine. We will use the submitted GR binary to generate GR solution, measure runtime and 

then feed to a DR of our choice (binary will be distributed and updated until prior to the 

submission) to generate routed DEF for final score calculation. 

 

The executable of the submitted global router needs to be named “iccad19gr” and be able to 

take the following command line arguments. We will always specify 8 threads as the command 

line argument but the multithreading feature is optional. 

./iccad19gr -lef [lef_file] -def [def_file] -threads [num_threads] -output 

<output_file_name> 

 

 



Open-Sourcing Bonus 
 

The organizers have augmented the available prizes as follows.  The highest prize-winning 

team that releases their code under a BSD, MIT or Apache license during ICCAD-2019 will 

receive a bonus prize (given in $USD) of 4X their awarded prize. Thus, this team would receive 

a total of 5X their original prize money.  Similarly, the second (resp. third) highest prize-winning 

team that releases their code under a BSD, MIT or Apache license during ICCAD-2019 will 

receive a bonus prize (given in $USD) of 2X (resp. 1X) their awarded prize.   

 

Contest Organizers 

 
Alexander Volkov (Mentor Graphics)   

Sergei Dolgov (Mentor Graphics) 

Lutong Wang (UCSD) 

Bangqi Xu (UCSD) 



VII. FAQ 

Q1. In the output, to determine if two gcells are connected, "(1)they touch each other 

on the same metal layer." Q: If two gcells on the same layer only touch each other by 

a point, for example one is at the lower left of another gcell. is it considered as 

connected? 

A1. If two guides touch only by a point, then it's considered as disconnected. For 

two same-layer guides to be considered connected, they must share an edge with 

length strictly greater than (>) zero.  

 

Q2. In some routing guide input of ISPD18/19, some pins don't have routing 

guide on the same layer. I guess this is not allowed in this contest? 

For example in figure (b), if there are two vias directly connecting to the two pins on 

M1, the two blue guides on M1 is not necessary.  

A2. Since we do not have via guides, all guides must be on the routing layer. In your 

example, the two M1 (blue) guides are necessary if those pin shapes only exist in M1. 

A pin is considered covered only if at least one shape of the pin and one guide of the 

net are on the same metal layer, and have intersection area strictly greater than 

(>) zero." 

 

Q3. Some of the input doesn't have GCELLGRID information, such as ispd18_test1. 

Will the input be updated later? 

A3. Please download the latest benchmark suite. 

 

Q4. We hope to know when will details of the benchmarks be released. 

Since, though, we have access to ispd-2019 contest's benchmarks,  

they don't contain any information of GCell specification. 

A4. You can download the latest benchmark suite (v1, 5/16/2019) with GCELLGRID 

included. Please be sure to use the testcases from our download link since the 

GCELLGRID included is different than the content you can find from the ISPD-

2018/2019 website. 

 

Q5. If two gcells are on a horizontal layer and adjacent to each other in vertical 

direction, are they considered connected? 

A5. Yes. 

 

Q6. I would like to know where to get the source codes from academic routers 

(CUHK, UCSD, NCTU, POSTECH and UFRGS). I'm asking this because they 

will be used to evaluate our solution and I found only two of then 

http://iccad-contest.org/2019/Problem_C/iccad19_benchmarks.tar.gz


(CUHK: github.com/cuhk-eda/dr-cu and UFRGS:github.com/RsynTeam/rsyn-

x). 

A6. We will only provide academic router binaries to the contestants. 

 

Q7. We have noticed some anomalies in the benchmarks for problem C released on 

May 17th. 

Two of them are listed below. 

 

1. Several benchmarks have pins outside of the gcell grids. 

For example in ispd18_test1, ispd18_test2, we found there are pins  

whose locations are beyond the last (highest) X grid line. 

 

2. The gcell specification of ispd19_test2 is also kind of strange. 

 

GCELLGRID Y 1740000 DO 2 STEP 5600 ; 

GCELLGRID Y 0 DO 581 STEP 3000 ; 

GCELLGRID X 1173000 DO 2 STEP 5400 ; 

GCELLGRID X 0 DO 2 STEP 3001 ; 

 

The Y direction is fine, but for the X direction, only 4 grid lines are defined. 

 

Hope you can update accordingly in a future version,  

or clarify a little bit if it is our misunderstanding. Thank you. 

A7. Thanks for pointing out. We have updated the GCELLGRID in benchmark v2. 

Please let us know if you find any more issues. 

 

Q8. i am hoping to know, if it is feasible that two gcells can overlapped each 

other while the gcells are belongs to same net? 

(you can comprehend by looking up the attached file) 

 

A8. It's allowed. 

http://github.com/cuhk-eda/dr-cu
http://github.com/RsynTeam/rsyn-x
http://github.com/RsynTeam/rsyn-x

